The shape of auroral zone large-scale electron acceleration events is widely described as an inverted-V, with the spectral peak gradually rising to and falling from the spatially central peak. We investigated the relative frequency of all sharp (•3) electron energy flux enhancement events which are large-scale enough to be resolvable in the DMSP F7 particle data set. The first three days of each month of 1984 were studied, amounting to 355 passes through the nightside oval (restricted to the range 2000-2300 MLT) with a total of 1049 such events. Only 42 of these 1049 events actually fit the inverted-V morphology, with another 76 cases fitting an extremely loose definition of an inverted-V. Thus between 4.0% and 11% of all sharp energy flux enhancements are inverted Vs, depending on the strictness of the criteria. In that subset of events for which electrostatic acceleration is likely -namely those which have monoenergetic peaks and which extend over 20 km or more -inverted Vs are still just 10-29% of the total. More common are events which have relatively constant 'monoenergetic peaks' (accelerating potentials).
Abstract.
The shape of auroral zone large-scale electron acceleration events is widely described as an inverted-V, with the spectral peak gradually rising to and falling from the spatially central peak. We investigated the relative frequency of all sharp (•3) electron energy flux enhancement events which are large-scale enough to be resolvable in the DMSP F7 particle data set. The first three days of each month of 1984 were studied, amounting to 355 passes through the nightside oval (restricted to the range 2000-2300 MLT) with a total of 1049 such events. Only 42 of these 1049 events actually fit the inverted-V morphology, with another 76 cases fitting an extremely loose definition of an inverted-V. Thus between 4.0% and 11% of all sharp energy flux enhancements are inverted Vs, depending on the strictness of the criteria. In that subset of events for which electrostatic acceleration is likely -namely those which have monoenergetic peaks and which extend over 20 km or more -inverted Vs are still just 10-29% of the total. More common are events which have relatively constant 'monoenergetic peaks' (accelerating potentials).
A crucial feature common to all non-V forms with monoenergetic peaks is that the maximum accelerating potential (spectral peak) is observed near one edge or both. Thus very large gradients in the potential exist near the edges of large scale auroral forms, implying much larger electric fields than does an inverted-V. The present study thus supports earlier evidence that the important physics of auroral arcs is associated with the edge of the arcs, rather than the central portion of the acceleration region. The most common type of energy flux enhancement event is a broad spectral enhancement (suprathermal burst). Contrary to popular perception, suprathermal bursts are not always narrowly confined in latitude. All categories of sharp electron energy flux enhancement events studied here exhibited a sharp high-energy drop off near the spectral peak, suggesting acceleration of one type or another (either wave-particle or electrostatic).
Introduction
The signature of large-scale electron acceleration events in particle precipitation data is very commonly described as an inverted-V. Inverted-Vs undoubtedly do occur in spectrograms, but there has apparently never been an attempt to compare the relative frequency of various types of electron acceleration events. Indeed, since no alternative nomenclature exists in the literature, a wide variety of precipitation events are routinely described as inverted Vs, almost regardless of their actual shape. The term "inverted V" has thus become virtually a synonym of "electron acceleration event."
Neither term seems to have a precise definition in the literature, although such events are fairly obvious in a spectrogram. Section 2.2 gives the quantitative definition of an electron acceleration event used for the purposes of the present survey. Briefly, we here survey instances of sharp (at least a factor of 3) electron energy flux enhancements resolvable in the DMSP data base, and we term all such instances Large-Scale Electron Acceleration Events (LSEAs). 'Large-scale' is a relative term; we apply this caveat because a low-altitude satellite has a speed of 7.5 km/s; hence any event observable with a satellite (other than FAST or Freja) is potentially 'large-scale' compared to the ground-based observations of individual auroral arc thickness (~100 m). That all such sharp energy flux enhancements are indeed 'acceleration' events rather than plasma sheet density variations is highly suggested by their spectral characteristics, as will be shown in Section 3. This result agrees with previous work [e.g., Temerin et al., 1994] suggesting that most sharp energy flux variations result from electromagnetic or electrostatic acceleration (i.e., either wave-particle interaction or potential drops), or both.
"Suprathermal bursts" or "field-aligned bursts", which are characterized by a fairly broad spectral enhancement [Johnstone and Winningham, 1982] , are usually explained as electron acceleration by wave-particle interaction [Burch, 1991; Temerin et al., 1994] .
unverified acceptance of the prevalence of inverted-Vs extends also to underestimating the importance of models which rely on edge effects [e.g. Lotko, 1986] . The problems created by having only one name for an LSEA structure --namely inverted V --are conceptual and physical, as well as semantic.
The concept of the prevalence of inverted-Vs has arisen without any specific paper or author serving as an advocate. Typically papers which state the importance of inverted-Vs cite Frank and Ackerson [1971] , yet this paper only shows that one or two events in their spectrograms resemble such a shape. That classic paper dealt primarily with other issues. No attempt was made to establish this specific morphology's frequency or relative importance compared to other morphological forms. Such connotations only gradually accreted to the paper with the passage of time.
The first rigorous and thorough study of the phenomenology of inverted-Vs was by Lin and Hoffman [1979; . These important papers firmly established many of the results now known about large-scale electron acceleration events. For example, they proved that such events occur predominately in the dusk-to-midnight sector (which had been suggested but not established by earlier work), and that the distribution of scale lengths of such events follows an exponential distribution (cf. similar later results
by Newell et al. [1996] ). One facet of electron acceleration phenomenology not investigated by Lin and Hoffman however is morphology. They did not attempt to compare the relative frequency of inverted Vs to other shapes. It appears that the term " inverted-V" became virtually synonymous with large scale electron acceleration events by default. No study to date seems to have investigated the issue.
The inverted-V morphology implies that the important physics of LSEA events involve a central peak. Perhaps as a result, electrodynamic observations implying the contrary have not necessarily received as much attention as merited. For example de la Beaujardière et al. [1981] found that large electric fields exist at the edges of large scale auroral arcs, but only small electric fields occur within the arc. Heelis et al. [1985] expanded upon these observations with more cases showing the same effect. Haerendel [1983] did point out the importance of these observations in understanding auroral arcs, a point underlined more recently by Kamide and Baumjohann [1993] . The largest currents also occur near the edges of auroral arcs, not in the middle.
The remainder of this paper is organized as follows. In section 2, a number of examples of the various types of electron acceleration events are shown. Section 3 presents a substantial number of individual spectra, to better understand the spectral characteristics of each type of acceleration event. In section 4 a moderately sized survey of the relative frequency of the various morphologies is given. In section 5 the physical significance of the findings are discussed, and section 6 summarizes our results.
The Morphology of Large Scale Electron Acceleration Events

Data Selection
All examples presented here are from the SSJ/4 instrument on the DMSP F7 satellite.
DMSP F7, launched November 1983, is in a nearly-circular sun-synchronous polar orbit at about 835 km altitude, in the 0930 MLT/2130 MLT meridian. The SSJ/4 instrumental package included onboard measured electrons and ions from 32 eV to 30 keV in 20 logarithmically spaced steps [Hardy et al., 1984] . Separate low and high energy heads measure from 32 eV to 1 keV and from 1 keV to 30 keV with 0.098 seconds dwell time per energy channel (thus a complete spectrum is calculated in 1 second). In the individual spectra presented below, both 1 keV channels (from the low and high energy heads) are presented. This is because the low energy head records 1 keV electrons at the start of a 1 s cycle, while the high energy head does so at the end. By using both channels, it is possible to minimize aliasing effects which could otherwise create artificial breaks at the 1 keV spectral location. These electrostatic analyzers have a ∆E/E of approximately 10%.
DMSP satellites are all three axis stabilized such that the detector apertures are always orientated towards local zenith. At the latitudes of interest to the present research, this means that only particles well within the loss cone are observed.
Examples
In this section a sampling of the most frequent morphological forms observed in electron energy flux enhancements are presented. First a definition: a LSEA is any consecutive sequence of electron spectra which is at least a factor of three higher in energy flux than its neighboring spectra on both sides (i.e., at higher and lower latitude), and with an integral energy flux of at least 1.0 ergs/cm 2 s. We will later show that LSEA events of all kinds exhibit a sharp drop off above the spectral flux peak (in section 3), but this trait was not assumed in selecting events. Indeed, no particular spectral characteristics were required for inclusion as an LSEA (spectra were checked only after initial selection as an event). In effect, we have surveyed sharp electron energy flux enhancement events (but believe that such events do all represent electron acceleration of one type or another).
The shape of an LSEA is most conveniently classified in terms of how the spectral flux peak varies with latitude. In studying large numbers of spectrograms, the following forms were frequently observed:
(1) A monotonically increasing spectral flux peak energy with latitude;
(2) A constant peak energy; If a latitudinally narrow broad-spectrum burst occurred at the edge of some other form, it was counted as part of that structure, rather than as a separate LSEA. To count as an event of type 1-5 required an event of at least three seconds (about 20 km northsouth) duration. Most electron energy enhancements which lasted only 1 or 2 seconds naturally fell into categories (6) and (7); however any event smaller than 3 seconds which was not broadband automatically was counted as type 7.
Most of these types of forms probably need no further explanation. The fourth type, " crude-Vs" , consists largely of events in which either the ascending or descending portion is less than 1/3 the length of its opposite, and thus the peak is actually much closer to one side than the other. However any irregular form which can crudely be called an inverted-V was included in this category. These forms will be further elucidated by examples below. Many refinements and subcategories to this classification scheme are possible, but this relatively simple approach suffices for present purposes.
Plates 1 through 4 present a gallery of LSEA forms. These cases are selected to present typical and relatively clear instances of each of the above morphological types.
Statements about the relative frequency of these forms will be justified in section 4.
These examples begin with simple cases and proceed to the more complex. Plate 1(a) is chosen to illustrate the famous inverted-V signature, marked by a " V" above the spectrogram ephemeris. A pair of suprathermal bursts (type 6 above) occur further poleward and are marked with arrows. Notice that the high-energy ions are slightly retarded inside the inverted-V structure, as one would expect for an electrostatic structure.
Plate 1(b) illustrates a more common morphological form for LSEAs, namely an essentially constant spectral flux peak (in fact, the individual spectra are monoenergetic, as will be shown in section 3). We mark this type of flat event with a " -" on the spectrogram. This type of event also shows a suppression of the ions during the interval in which electrons are accelerated, as would be expected for an electrostatic process. A latitudinally narrow broad spectrum burst occurs at the poleward edge of the LSEA and is not counted as a separate event. Another of the ubiquitous broad-spectral bursts occurs in isolation around 07:18:40 UT and is marked, as before, by an arrow.
Although a relatively constant peak energy is often observed in LSEAs, most cases are not quite so smooth as in Plate 1 (b) . To emphasize the commonness of this form, and to give a more typical example, we present also Plate 2 (a) . Here the LSEA occupies much of the relatively narrow auroral oval; note again that a broad spectrum burst occurs at the poleward edge. Also notice how the ions are suppressed at the same location where the electron energy flux and spectral flux peak is enhanced.
We mentioned that the classification scheme used here does not exhaust the possibilities. An example of this is shown in Plate 2 (b) . By the time the statistical survey outlined in the following section was completed, it was apparent to us that it would have also been possible to consider " upright V" signatures. Such LSEAs with a dip in the middle and peaks at both latitudinal ends are probably almost as common as the inverted V type. However the physics of this situation is similar to other morphological forms, namely an abrupt drop from high accelerating potentials to no potentials implying large electric fields (the individual spectra in this event are also monoenergetic). Also the dips are small compared to the magnitude of the peak. Thus such events were simply included into the flat (type 2) forms. Notice that once again, the electron energy flux enhancement event coincides with an ion energy flux decline, consistent with an electrostatic structure.
So far we have considered cases for which the spectral enhancement seems to occur in a narrow range around the spectral flux peak (the cutoff energy or monoenergetic energy). As mentioned in section 1, suprathermal bursts (which have a broader range of enhanced energies) are also discussed in the literature. Most, but not all suprathermal bursts are narrow in latitude (often just a single one-second spectrum in the DMSP data set). We call suprathermal bursts type 6.
However it is not too unusual for the range of energies enhanced to cover an intermediate range of energy channels (i.e., a factor of 3 in energy). When the cutoff upper energy is fairly constant, but the enhancement is of medium range (three DMSP channels, or a factor of 3 in energy range), we classify the LSEA separately (type 7 above). An example is shown in Plate 3(a), near the poleward edge (but equatorward of the more broadband narrow bursts at the poleward edge of the oval). These type 7
LSEA events are marked with asterisks on the spectrogram.
Plate 3(a) also serves to illustrate another morphological type (type 1 LSEA), namely a monotonically increasing cutoff energy with latitude. This event, marked with a " /" on Plate 3(a) (around 08:09:20 UT) has a broad spectral burst marking its poleward edge --which is also the peak accelerating potential. The broad spectral burst here is considered part of the type 1 LSEA. (For reference, the complete list of symbols used to mark events is given in Table I . Also note that in reading the symbols " \" and " /" the reader should imagine that the equator is to the left, regardless of the direction of spacecraft motion).
A second more complex series of the type 7 LSEAs (enhancements with a moderate spectral range of about a factor of 3) is shown in Plate 3 (b) . In this plate, two such distinct large scale electron enhancements are flagged with " *" ; a total of three broad spectral bursts are associated within these two events (possibly with the poleward and equatorward edge of the more poleward event and with the poleward edge of the second event, although the alignment is not perfect). A single spectrum at 04:52:04 UT with energy fluxes well above our threshold criterion (1.0 ergs/cm 2 s) also exhibits a moderate spectral range of enhancement, this single spectrum is marked with an " *" but no boundaries.
Plate 4(a) shows another complex series of LSEAs. Both an LSEA with a cutoff energy which declines with latitude and two which rise with latitude are shown (the most poleward arc with rising energy, lasts only 3 seconds). A broad spectral burst (covering almost an order of magnitude) is marked with an arrow and a moderate spectral burst (~3 energy range) with an asterisk --in this case the distinction between the two is slight. Notice that the equatorward (leftmost) LSEA in Plate 4(a) (marked with a " \" ) has spectral broadening at both the poleward and equatorward edge of the event. This spectral broadening leads to a slight resemblance to a " V" , even though the spectral flux peak is monotonically decreasing with latitude.
Finally, Plate 4(b) demonstrates the great complexity which can occur when diffuse auroral precipitation is fairly intense. Although the eye tends to identify a profusion of acceleration events, recall that our criterion required fluxes at least a factor of 3 higher than neighboring spectra. Applying this rule, only three broad band spectral bursts and one moderate band burst are identified. Both of these bursts last for 6 consecutive DMSP spectra (covering 45 km in north/south extent). Thus contrary to previous reports (reviewed in [Burch, 1991] ), broad band bursts need not be limited to latitudinally narrow regions. Shiokawa et al. [1997] also pointed out an example of a large-scale superthermal burst (during a storm event). Most superthermal bursts are indeed small, lasting <2 seconds in the DMSP data set, but this is not invariably true.
Spectral Behavior of Various LSEA Types
In section 2, the morphology of large-scale electron acceleration events was considered. This section addresses the typical spectral characteristics of each category of LSEA. Appreciable variability exists within each category and indeed each event;
considering the high degree of temporal and spatial structuring in discrete aurora, such a result seems inevitable. Nonetheless very clear patterns emerge.
In studying the behavior of individual spectra, a few points are salient. Electron energy flux enhancement events turn out to consistently show a sharp drop off above the spectral flux peak. To decide how much of a dropoff is significant, we note that the DMSP detectors cover the energy range 32 eV to 30 keV in 19 logarithmically spaced steps, each of which are thus (30000/32) 1/18 = 1.46. Since a thermal Maxwellian has dj E /dE(E)~E 2 e -E/kT it is easily shown that a drop off by a factor of about 20% (1.18)
can be expected in one DMSP-size energy-channel-step away from the peak (which occurs at E 0 = 2kT). As a practical matter, a drop off of a factor of~5 in one DMSP energy step appears to be significant [Newell et al., 1996a] .
The reader may notice that two flux values are plotted at 1 keV. This corresponds to the two separate detector heads in the SSJ/4 instrument package, one measuring below 1 keV and one above. To minimize aliasing effects from joining these two sweeps together, both values are plotted (the higher energy channel has a somewhat larger geometric factor, hence higher count rates and smaller uncertainties). In general, whenever counts are high (measured differential energy fluxes above 10 9 eV/cm 2 s str eV), the two values coincide precisely (they were cross calibrated in flight by AFRL).
When the fluxes are lower, some discrepancies occur. Our results appear robust in that the features described below hold regardless of which 1 keV channel is used (when, indeed, they differ enough to be seen separately). Figure 1 shows six spectra which are representative of those measured during the pass presented in Plate 1 (a) . Figure 1 (a) shows a diffuse auroral spectrum. Even within the diffuse aurora, variability exists, but 1(a) is reasonably typical, including the hints of superthermal and low-energy tails (as compared to a Maxwellian).
The classic inverted-V
Spectra 1(b)-1(d) are from within the low-latitude side of the inverted-V. Each of these spectra are of the type traditionally termed " monoenergetic" , although plainly this would be strictly true only if the detector had a very limited dynamic range. More accurately, monoenergetic spectra exhibit a sharp drop above the flux peak [e.g., Evans, 1974] . Incidentally Newell et al. [1996a] proposed (and implemented) quantitative criteria for identifying monoenergetic peaks; each of the spectra 1(b)-1(d) satisfy the criteria given there.
Spectra 1(e)-(f) are from a suprathermal burst, also from Plate 1(a) (marked by the arrow). Spectrum 1(e) is clearly aliased, note the sharp disagreement between the two 1 keV energy channels. Nontheless we include it to show the broad range of energy enhancement near the spectral flux peak. Spectrum 1(f) shows the adjoining spectrum within the superthermal burst; here the aliasing is not an important factor. Note that 1(f) is more similar to the monoenergetic peaks than might seem apparent from a spectrogram; note particularly the sharp drop off above the spectral flux peak.
However several channels measured fluxes within a factor of about 3 of the peak. A more detailed discussion of suprathermal bursts is given in section 3.5. Plates 2(a) and 2(b) also show relatively flat spectra. These spectra also are monoenergetic within the acceleration event. The chief difference is that in neither case is there an embedded spectra with a higher potential than along the sides. Indeed, in the event of Plate 2(b), an anomalous (i.e., one channel higher than the others) spectra does exist, but at the poleward edge, where the potential rises to 2.1 keV. Detailed spectra from these similar examples are omitted for brevity. As in these " flat" cases presented, in compiling the survey, a rise or fall of the flux peak by one single energy channel is considered consistent with a " flat" event.
Flat electron acceleration events
3.3 Spectral peak monotonically increasing with latitude 6.6 keV respectively. Finally, near the equatorward edge of the event, the peak occurs at 3 keV, at which final spectrum the monoenergetic character is no longer well defined. For completeness, a diffuse spectrum from this pass is shown in 3(f), taken just equatorward of the acceleration event.
Events which have the spectral flux peak declining with latitude have the same spectral characteristics as shown here (i.e., the individual spectra are monoenergetic, except for suprathermal bursts along the edges).
3.4 Moderate range spectral bursts Figure 4 shows representative spectra from Plate 3 (b) , corresponding to what we have termed moderate range spectral bursts. All spectra have the same peak (6.6 keV), save for the poleward edge, shown in Figure 4 (a). The spectrum there peaks one channel higher (9.6keV).
The moderate range spectral bursts do not usually have clearly defined monoenergetic peaks, with typically three channels measuring a differential energy flux of within a factor of 2 of the peak. They do have a sharp dropoff, which occurs not right after the peak, but two energy steps away (this corresponds to a factor of 2 in energy, since each DMSP step is 1.46 times the previous energy channel). broadband spectral enhancements (see also 1(e)). These spectra show a peak extending to about four or five DMSP channels (a factor of 4-7 in energy range). Spectra 5(a) and (b) are particularly notable in that these channels stand out well above their neighbors, and yet are relatively flat within the range of spectral enhancement. However the latter distinction is not absolute, as 5(e) proves. It may be that type 7 events are actually insufficiently resolved events from other categories (e.g., because of aliasing as the spacecraft moves through a temporally changing structure, or because of the order in which energy channels are measured), or they may represent some blurring between electrostatic acceleration (types 1-5) and wave-particle acceleration (type 6).
Statistics on the Relative Frequency of Various LSEA Morphologies
In the previous two sections we introduced the various types of commonly seen morphologies of electron energy flux enhancement events, and gave examples of each type. In this section we present a small statistical survey on the relative frequency of the various LSEA forms. To get a representative but manageable sample, we considered DMSP F7 passes for the first three days of each month of 1984. Only passes in the 20-23 MLT range were considered (i.e., the main oval was crossed while the satellite was within this MLT range). A total of 355 nightside passes were thereby selected and the various types of LSEAs identified.
These 355 passes included a total of 1049 LSEAs. Table I However if just that subset of all electron acceleration events is considered which evinces monoenergetic peaks and extends over at least 3 consecutive spectra (about 20 km), suggestive of large-scale parallel potential drops, then only types 1-5 should be counted. In this subset, inverted Vs are more significant, although still a minority, accounting for 10-29% of the total (for strict inverted Vs and for strict plus loose inverted Vs combined, respectively).
A few other salient points from this survey are worth noting. An average of 3.0 LSEA events per auroral zone pass were observed, with considerable variability. 18 passes (5.1%) contained no LSEAs. However all 36 days studied contained multiple LSEAs.
Discussion
Strictly speaking our definition of an LSEA (a factor of 3 increase in electron energy flux compared to neighboring spectra to above 1.0 ergs/cm 2 s) means that we surveyed electron energy flux enhancements. However each type of such event has a distinctly non-Maxwellian (and non-kappa) spectrum; in particular, spectra from each category consistently show sharp cutoffs above the spectral flux peak. Such spectra differ greatly from the diffuse aurora. Thus it is reasonable to ascribe intense temporary increases in electron energy flux to acceleration processes rather than source plasma sheet density variations [Temerin et al., 1994] . Those events with monoenergetic peaks apparently correspond to electrostatic electron acceleration, while those with broadband spectral enhancements correspond to electromagnetic (wave-particle)
acceleration [e.g., Burch et al., 1991] . For the remainder of this section we concentrate on events in categories 1-5, namely those which last at least 3 seconds (and which, although not selected on that basis, turn out to consistently evince monoenergetic peaks).
The electric field structure at high-altitudes (above the electron acceleration region) is determined in principle by combining the field-aligned potential drop inferred from the monoenergetic peak energy, and the ionospheric electric fields within the precipitation structure. In practice the ionospheric electric fields are usually small compared to the inferred accelerating potential, and the high-altitude field should approximately follow the pattern of the particle acceleration [Marklund, 1984; and references therein]. Marklund gives the integrated ionospheric potential across an arc to be 0.5 -2.0 kV, while the monoenergetic peak can reach many times this value.
An important intrinsic property of the inverted-V acceleration morphology is the gradual rising and declining of the field-aligned potential above the structure. In turn, this predicts relatively small electric fields above the potential structure. Above the acceleration region, the field lines are equipotentials. The electric fields required here vary as E = -∇ ∇ ∇ ∇φ. Thus if the peak accelerating potential is, say, 10 kV, and this value gradually ramps up and back down over a 100 km region, electric fields on the order of 10 kV/50 km = 0.2 kV/km are required.
In this paper, we have demonstrated that it is far more common for the accelerating potential to transition from the maximum value to no acceleration in a single spectrum (during which time the spacecraft typically moves 5 km in the north/south direction).
The equivalent scale length at high-altitude will be larger, for the purposes of a rough calculation let us use 10 km. Thus electric fields on the order of 10 kV/10 km = 1.0 kV/km at least are required. This may be a significant underestimate, since DMSP lacks sufficient resolution to determine whether the field-aligned potential is changing on a much shorter scale even than a few km.
Most mid-altitude satellite research has reported smaller electric field magnitudes [e.g., Block and Fälthammar, 1991] . However data from the FAST satellite, with higher time resolution, does show electric fields as large as 2 kV/km [e.g., Ergun et al., 1998 ].
(Such large electric fields have also been previously reported in connection with " black aurora" , regions of diverging electric field [Marklund et al., 1997] ). Since most monoenergetic LSEAs (71-90%) have rapid transitions from high accelerating potentials to no accelerating potential, it seems probable that highly localized occurrences of very strong electric fields (~volt/meter) should be a common feature of the nightside auroral oval.
Relatively few studies exist concerning the actual shape of the high-altitude potential field structures. Probably the most complete work is that of Mozer and colleagues [Mozer et al., 1980; Mozer, 1983] . Mozer [1983, p. 136] found that the " more popular Vshaped patterns" , such as would correspond to an inverted-V particle structure, probably only correspond to 25-50% of all high-altitude potential structures (although he notes several uncertainties associated with making such estimations). Mozer found that " S" shaped patterns are likely more common. The apparent discrepancy between what is most frequently observed in electric field patterns at high altitude and the particle morphology appropriate to low altitude is only partially alleviated by our work. Note that the flat LSEA particle structure should correspond to a U-shaped potential at high-altitude, which Mozer included as a sub-variety of " V-shaped" structures in the quote above. We do observe monotonic ramps in the electron acceleration, such as S-shaped structures should create, but only as a relatively small percentage of the overall cases. It seems safe to state that further work is necessary to correlate LSEA morphologies with high-altitude electric field observations.
The importance of the edge effects implied by the results of this paper along with earlier work are far reaching. Consider, for example, the model for producing broadspectrum electron enhancements at the edges of potential structures introduced by Lotko [1986] (he assumed, based on the literature of electron acceleration events, that all potential structures are inverted-Vs, but this does not seem necessary to the model).
The model explains the existence of broadband spectral enhancements at the edge of
LSEAs. In this model, cold electrons at the edge of a potential structure diffuse onto the potential structure at a rate proportional to the magnitude of the electric field variations. The much larger edge electric fields associated with typical monoenergetic
LSEAs as opposed to inverted-Vs means that the mechanism can account for far more intense enhancements than previously calculated.
It has been noted that rocket flights through visual arcs tend to observe the arc at one edge of the " inverted-V" [Galperin, 1997, private communication] . This would follow logically from the present observations, in which, for most LSEAs, the energy flux maximum (or maximum accelerating potential) occurs near one edge of the LSEA rather than in the middle as in a true inverted-V. Similarly, Kamide and Baumjohann [1993] report that (p. 134) " the most intense field-aligned currents are, however, often observed at the edges of the acceleration regions" , one of several observations they rightly stress as of key importance to auroral physics.
Perhaps the most direct evidence supporting our finding that LSEAs usually have a morphology such that the highest accelerating potential occurs near one or both edges rather than in the middle is the work of de la Beaujardière et al. [1981] . Based on simultaneous AE-C satellite observations, all-sky camera images, and Chatanika radar measurements, these authors found that large electric fields existed at the edges of an large-scale auroral structure, but only relatively small electric fields existed inside the auroral structure. Further examples of the same phenomenon were provided by Heelis et al. [1985] .
The importance of these electric field findings was stressed by Haerendel [1983] and
by Kamide and Baumjohann [1993] . High ionospheric conductivity within the arc is one simple explanation for this effect of a small internal electric field (Marklund [1984] gives a detailed discussion of the electrodynamics of arcs). Since the electric field is the gradient of the potential, our result that LSEAs typically exhibit their highest accelerating potential near edges with relatively little variation within the LSEA provides another reason why electric fields maximize at the edges of arcs rather than in the middle.
The existence of sharp gradients at the edge of aurora may actually be a necessary condition for their formation. Newell et al. [1996] have shown that under sunlit conditions, intense nightside discrete aurora are suppressed by a factor of about 3 (these findings have been recently confirmed [Erlandson and Zanetti, 1998; Collin and Peterson, 1998; Kumamota and Oya, 1998; Yamagishi et al., 1998; cf. Marklund et al., 1997] .
When the background conductivity is large, field-aligned currents will tend to be widely distributed in latitude. However when the background conductivity is low, a feedback mechanism can occur [Atkinson, 1971] . Any local enhancement in precipitation will create a patch of enhanced local conductivity, so that more current will flow along those field lines. The additional current and associated precipitation creates still more conductivity, leading to further localization of the current. There are several possibilities for how this process can lead to field-aligned potentials. Perhaps the conceptually simplest idea is that once large currents which are localized in latitude form, the associated field line rapidly suffers electron density depletion at midaltitudes (~1 R E ). When the magnetosphere is attempting to drive a large current through a density cavity, it is easy to anticipate the formation of field-aligned electric fields (which may or may not be quasi-static).
Summary
We examined Only 42 out of the 1049 LSEA events were reasonably well defined inverted-V shapes;
another 76 events could be considered inverted-Vs with very loose criteria (most commonly, with one side of the " V" being much shorter than the other). Even if inverted-Vs are compared only to those 408 events which they most resemble, namely events • 20 km in latitudinal extent and with individual spectra which have monoenergetic peaks (suggesting parallel potential drops), they still remain a distinct minority (10-29%). Notice that our results apply to the premidnight local time zone, which is actually the local time for which inverted Vs are most frequent [Lin and Hoffman, 1982] ..
We find, in agreement with some authors and disagreement with others, that suprathermal bursts frequently occur disassociated from other LSEAs. Although most suprathermal bursts are confined to narrow structures this is not always the case, with some events extending to more than a half degree in latitude.
Because a name exists in the literature for only one type of large-scale electron acceleration event morphology, it sometimes appears that all or most monoenergetic events are inverted-Vs. The discrepancy with our survey is not just a matter of semantics, since the gradients associated with the inverted-V configuration are milder than for those monoenergetic morphologies which we find to be more common. The latter have larger gradients at their edge(s), leading to larger estimates of the electric field magnitudes associated (but in more spatially confined regions). Such large spatially confined fields are in agreement with recent observations [Ergun et al., 1998 ].
The observed location of the electric field maximum --at the edge of arcs, with relatively small electric fields within the arc --is a natural result from our findings that inverted Vs represent only a portion of all LSEAs with monoenergetic peaks. Other explanations for the small ionospheric electric field which exists within an arcs already appear in the literature [e.g., Marklund, 1984] , notably the high ionospheric conductivity within the arc. There is doubtless validity to this explanation as well.
Most LSEA morphologies in our survey exhibit the property that the maximum potential is observed near the edge of the LSEA (which is true of constant potential drops as well). The 'typical' configuration for auroral arcs is that the largest gradients exist along the edges, where the important electrodynamics occur. It is along the edge of a LSEA that the largest field-aligned currents exist, largest electric fields are observed, and perforce largest conductivity gradients happen. These large gradients along the edge are probably intrinsic to the mechanisms for formation of large-scale electron acceleration events. 
